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A. GENERAL 
Present methods of beef carcass grading are accomplished by the 
subjective evaluation of "graders" who are Department of Agriculture 
employees. Although highly trained in the performance of this task, 
they are nevertheless subjected to fatigue, emotional strain, and 
other stresses which may cause variations in the normal decision 
processes. Because this decision process is the primary basis for 
establishing the economic value of the carcass to the rancher, packer 
and consumer, it is desirable to formulate a methodology to produce an 
objective measurement from the carcass which is r. function of its 
quality grade. 
In terms of precision, the most difficult tssk for the grader 
and the most important factor in determining the quality grade, is the 
estimate of the percentage of marbling in the rib eye muscle at the 
twelfth rib. Marbling, however, also appears to be the factor most 
amenable to quantitative assessment by imaging or ultrasound 
techniques. 
Image processing refers to the computer manipulation of 
optical, p'notographic or television images. To accomplish this 
manipulation, the image is usually digitized, i.e., each color of the 
image is assigned a number or set of numbers which uniquely describes 
that color at each position within the image. The purposes for 
processing images usually fall into one of two categories: image 
enhancement and pattern recognition. Image enhancement is the 
improvement in the quality of the image by removing or lessening 
degradations suffered by the image in its acquisition, storage or 
display. Pattern recognition loosely means the detection and 
extraction of patterns or other information from the image. As such, 
it covers the range of simply calculating the average value of some 
part of the image to isolating components of a given spatial frequency. 
Areas of recent activity in pat tern recognition include 
automatic pattern recognition to aid medical diagnosis, automatic 
recognition of targets, and remote sensing of environmental 
pollution. JPL has current investigations in all of these areas. It 
was because of this existing technology that the potential application 
of the beef grading task was undertaken. 
B . EXPERIMENTS 
A series of tests was conducted on samples of steaks purchased 
locally and brought to JPL for imaging and ultrasound analysis. The 
steaks were graded prior to delivery and on the day of delivery. A 
few changes on grade were noted. The tests which were conducted 
sought to determine the percent of marbling within the rib eye muscle 
on the twelfth rib face. Of importance in determining marbling for 
quality grade is not only the amount of fat present within the muscle 
but also the distribution of the fat within the muscle. This 
distribution characteristic was not considered for the preliminary 
tests. Problems occurred during the preliminary tests due to 
dehydration and discoloration of the steaks prior to testing. 
Nevertheless, the agreement between quality grade and area ratio as 
determined by the imaging methods and signal texture as determined by 
ultrasound was good. A definite trend, showing an increasing area 
ratio with increasing grade, could be seen. A similar trend 
indicating increasing ultrasound signal texture with increasing grade 
was also apparent. 
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SECTION I1 
IMAGE PROCESSING BY AREA ANALYSIS 
A .  METHODOLOGY 
Since the  amount of marbl ing of  t h e  r i b  eye s t e a k  i s  an 
important  c r i t e r i o n  i n  t h e  q u a l i t y  grade of  t h e  s t e a k ,  t h e  q u e s t i o n  
of measuring the  marbling u s i n g  imaging techniques  was cons ide red .  
This  p rocess ing  e n t a i l s  t h e  a c q u i s i t i o n  of a  black-and-white image of  
the  r i b  eye  s t e a k  a t  t h e  12113th r i b  c u t .  Th i s  i s  the  same muscle 
seen by t h e  g rader  a t  t h e  t ime t h a t  t h e  c a r c a s s  i s  graded.  I n  t h i s  
s t u d y ,  the  image was taken by photography. The image is d iv ided  i n t o  
a m a t r i x  of  M x N small  a r e a s ,  each having a "grayness" va lue  
ass igned  t o  i t .  For example, whi te  may have a  grayness value  of 1.0 
whereas black would be 0.0. The a c t u a l  range of t h e s e  numbers 
depends on the  number of gray l e v e l s  t o  be cons ide red  i n  t h e  image 
and t h e  c a p a b i l i t y  of t h e  computing system be ing  used.  T h i s  a r r a y  of 
numbers, r e p r e s e n t i n g  t h e  p i c t u r e  of the  r i b  eye  s t e a k ,  i s  s t o r e d  i n  
a  computer memory f o r  a n a l y s i s .  
The methodology used f o r  image p rocess ing  by a r e a  a n a l y s i s  i s  
exp la ined  wi th  r e f e r e n c e  t o  F i g u r e  2-1. A photographic camera was 
used t o  o b t a i n  black and whi te  t r a n s p a r e n c i e s  of t h e  t a r g e t .  The 
t ransparency was d i g i t i z e d  f o r  s t o r a g e  and a n a l y s i s  i n  a computer. A 
his togram of the  gray l e v e l s  f o r  the  s t o r e d  image was c a l c u l a t e d  and 
from i t ,  a gray s c a l e  va lue  was e s t a b l i s h e d  f o r  t h e  d i s c r i m i n a t i o n  
between f a t  and l ean  muscle. Using t h i s  d i s c r i m i n a t i o n  v a l u e ,  t h e  
image was transformed t o  a b ina ry  ( b l a c k l w h i t e )  image. The a r e a s  of 
f a t  and muscle were obta ined from t h e  b i n a r y  image and the  r a t i o s  of 
I f a t  a rea  t o  muscle a rea  and t o t a l  a r e a  were c a l c u l a t e d .  Three t e s t s  
were conducted wi th  t h i s  method. 
C.  TEST RESULTS 
The f i r s t  t e s t  u t i l i z e d  t h e  photograph presented by the  
Department of  Agr icu l tu re  a s  an i l l u s t r a t i o n  of t h e  l i m i t s  f o r  
c e r t a i n  degrees of t y p i c a l  marbl ing re fe renced  i n  t h e  o f f i c i a l  United 
S t a t e s  Standards  f o r  Grades of Carcass  Beef. T h i s  photograph i s  
i shown a s  Figure 2-2. The o b j e c t i v e  of t h i s  t e s t  was t o  s e p a r a t e  the  
a r e a  of f a t  ( w h i t e )  from t h e  a r e a  of l e a n  muscle ( g r a y ) ,  and t o  
thereby determine the  r a t i o  of  the  a r e a  of f a t  t o  the  muscle i n  each 
i n d i v i d u a l  p i c t u r e .  I t  i s  expected t h a t  t h i s  a r e a  r a t i o  should  vary  
i n  d i r e c t  p ropor t ion  t o  the  s u r f a c e  marbl ing as  seen by the  g r a d e r .  
The s t e a k  images from Figure  2-2 were transformed t o  a  computer 
image ( d i g i t i z e d )  and t h e  a r e a s  of f a t  and muscle were measured. The 
r a t i o s  of  t h e  f a t  t o  t h e  mrlscle a r e a s  v e r e  c a l c u l a t e d  and t h e  
p i c t u r e s  were inver ted  t o  i n d i c a t e  f a t  as  b lack  and muscle a s  w h i t e .  
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Figure 2-1.  Area Ratio Image Processing 
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F i . ~ u r e  2-2. Tvpical Carcass Reef Grades 
These pictures are shown in Figure 2-3. Each individual steak area 
is numbered 1, 2, 3.. ... to correspond to the original area of Figure 
2-2. Each area is identified by the marbling description given in 
Figure 2-2, and the calculated ratio of area of fat to muscle is 
stated below the appropriate picture. With the exception of iteras 1, 
2 and 3 of Figure 2-3, it is seen that this ratio decreases as the 
subjective description of the marbling indicates a reduced quantity 
of fat in the area of the photograph. It is apparent from 
discussions with personnel at the Department of Agriculture that these 
figures had been erroneously labeled in its original photograph and 
should correctly fall into the sequence shown by decreasing area ratio. 
To separate the areas of fat from lean muscle, a decision had 
to be made as to the gray value of the respective boundaries. For 
example, the average value of the fat, on a scale of 0 to 1, may be 
0.9 whereas that of the muscle may be 0.3. The question then arises 
as to what value will properly discriminate between the two. If an 
average value (e.g., 0.6) is taken, the optical density at the mid 
point between fat and lean muscle would be defined as this boundary. 
This approach, a1 though apparently reasonable, must be studied in 
more detail. In any case, the data is preset~ted here more as a 
description of the method and its feasibility than as proof of its 
efficiency. 
The second experiment performed with t.ris method was conducted 
by photographing three samples of twice-ground hamburger comprised of 
high (27%) ,  medium (19%) and low (17%) fat content. These were 
obtained from a local butcher and the purposes of these tests'were to 
demonstrate the area analysis method on real samples of meat and to 
study same of the parameters leading to the analysis. The use of 
hamburger was attractive for these tests because an approximate 
knowledge of the volumetric fat content of the target was known a 
priori. The measured area ratio would be expected to correlate with 
this known volumetric ratio. Photographs of the hamburger are shown 
in Figures 2-4 (high fat), 2-5 (medium fat j and 2-6 (low fat). 
Figures 2-4a, 2-5a, and 2-6a are reproductions of the original 
photographs of the hamburger with histograms of the entire image. 
Figures 2-4b, 2-5b, and 2-6b are sections of the hamburger taken for 
analysis, expanded in scale, and showing the histogram of the chosen 
area. 
In order to place the original image of these pictures into the 
computer for processing, the negatives were scanned by a Perkin Elmer 
PDS microdensitometer, which converts the gray tonee of the negative 
to digital numbers. This microdensitometer has the ability to look 
at many small areas of the negative. These small areas are called 
"pixels" and may be of 20, 50 or 100 microns in di,i~eter. Part of 
the objective of this study was to determine the largest pixel size 
which could be used in the analysis. The larger the size, the less 
computer time it would take to perform the analysis. The picture8 
shown in Figures 2-4a, 2-5a, and 2-6a were made from the 20 micron 
pixel size. 







These images of high, medium and low fat content were also 
obtained with 100 micron and 50 micron resolutions and stored on tape 
for access by the computer for processing. The resulting imager, 
i.e., the photographs transformed to digital matrices, were processed 
so that three types of data were produced: (1 )  histograms 
representing the frequency at which various numerical values of 
"grayness" occurred on each picture, (2) contrast-enhanced 
photographic images of the original photographs and ( 3 )  
point-by-point computer printout listings of the numerical values of 
the image for selected portions of the image. These point-by-point 
listings were also accompanied by histograms of the selected areas. 
From these data it was possible to determine a rationale by 
which areas of lean muscle and fat could be separated for each 
category of hamburger and for each pixel size. The results of this 
analysis are shown in Table 2-1. 
Approximate values of fat content for each sample of hamburger 
are given in each column and labeled as high, medium or low. When 
scanned at a 20 micron pixel size the data representing the area 
ratio of fat to total area were .3970 (39.721,  .2188 (21.8%) and 
.I860 (19.6%) for each sample, Although the results do not agree 
well with the high fat content sample, fair agreement exists with the 
medium and low fat samples. Total agreement, however, was not the 
primary goal of the test, although it is the most compelling to 
consider. The more important result is the ability of the analysis 
to differentiate between high, medium and low fat content in a 
relative manner. This occurs with the 20 micron scan but not the 50 
or 100 micron scans where the area ratios of the m e d i m  and low fat 
samples appear to lose their relative accuracy. This error could 
result from a lack of sufficient resolution at the larger pixel 
sizes, from an erroneous choice of muscle/fat interface or from a 
real variation in fat content of the surface considered. The 
results, however, show that a relative differentiation in surface fat 
can be made using the area analysis method from a photographic image 
if image scans are made at 20 microns. 
The third test utilized steaks graded by a Department of 
Agriculture grader and analyzed in the same manner as the hamburger. 
In total, 17 steaks were chosen for area analysis in four grades: 
prime, choice, good and standard. A tvpical photograph of a steak is 
shown in Figure 2-7 .  This is a reprodtiction by the computer of the 
original photograph showing the steak, the reference gray scale and 
an outline of the area of muscle chosen for analysis. Figure 2-8 
shows the isolated area with its histogram. It is this area which is 
considered when the area ratio of fat to total area is calculated. 
The tllreshold value determined from the histogram separates the 
histogram into fat and muscle areas. From these values the ratio of 
fat to total area is determined. 
Table 2-1. Hamburger Tept Results 
Meat Grading Project 
Test 1 
Relative Fat High 
Content (Hamburger) 
Medium Low 
Approximate Fat 
Content (Volumetric) .27 * .03 
Area Ratio at 
20 Micron Scan .3970 
Area Ratio at 
SO Micron Scan ,3319 
Area Ratio at 
100 Micron Scan .2932 
This procedure was followed on a number of steaks chosen aa 
representative of each grade. A number of steaks presenting special 
problems were also considered for analysis. The results are shown in 
Table 2-2. Each steak is identified by number, e.g., 2, 6, 34, etc. 
The grade assigned to the eteak and the percentage of marbling 
calculated for each eteak is shown adjacent to the respective steak. 
Since the steaks were not delivered individually wrapped, a 
number of them became discolored, acquiring a brown appearance on the 
face to be used for analysis. Consequently an area analysis was 
conducted on the opposite side of the steak (15th rib) as well aa on 
the side to be graded (13th rib). These 15th rib images were noted 
with an asterisk and are shown as 6*, 22* and 34*. With the 
exception of 6* which has a large amount of specular reflections 
(glare) as compared to 6, the 15th rib surfaces show considerably 
less marbling than the 13th rib surface. This is consistent vith the 
a priori knowledge of decreasing marbling in the posterior sections 
of the muscle, e.g., see 22-22*, 34-34*. 
Other distortions in the trend of Table 2-2, showing increasing 
marbling with increasing quality grade are due to the presence of 
specular reflections from the steak surface. Because these 
reflections appear "bright" on the photograph, the computer 
identifies them as fat and includes their area into that calculated 
for fat. This produces an erroneously high value for the percent 


Table 2-2, Steak Area Analys is  Resu l t8  
Meat Grading P r o j e c t  
T e s t  2 
Image Grade 
- Percentage Marbl ina  
2 Standard TR- 
6 TR 
6*  
7 TR 
11 Good S L 
15 SL 
19 S L 
2 0 SL* 
22 Choice SM- 
22* 
2 3 SM+ 
2 4 SM- 
Prime 
marbl ing of those  s t e a k s .  Nearly a l l  of the  s t e a k s  had some s p e c u l a r  
r e f l e c t i o n s ;  however, by i n s p e c t i o n  i t  is determined t h a t  6*, 7 ,  20, 
22,  and 24 had r e l a t i v e l y  l a r g e  amounts, s t e a k s  6 ,  19, 2  and 2 3  
showed moderate amounts and t h e  remaining shoved m a l l  o r  no specu la r  
r e f l e c t i o n s .  Photographs of t h e s e  s t e a k s  a r e  not included i n  t h i s  
r e p o r t .  These t e s t  d a t a  and photographs were presented t o  personnel  
of  t h e  Department of A g r i c u l t u r e  a t  t h e i r  meeting wi th  J P L  i n  
Washington, D . C .  on September 29, 1978. 
The tendency of specu la r  r e f l e c t i o n s  t o  r a i s e  the  measured 
marbl ing can be seen by no t ing  t h a t  t h e  s t e a k s  showing l a r g e  amounts 
of r e f l e c t i o n s  a s  given above a l s o  show i n c r e a ~ e d  percentage 
c a l c u l a t e d  marbling a8 given i n  Table 2 - 2 .  This  is t r u e  f o r  7  i n  
t h e  a tandard grade,  2 0  i n  the  good g rade ,  and 22 and 2 4  i n  t h e  
choice  grade.  
Reflections from the steaks therefore are a source of error to 
the image proceasing methods, if not removed physically or 
mathematically from the picture. Physical removal may be possible 
with the use of polarizing filters. The reflected light will be 
polarized because the steak is a non-metallic surface. Proper use of 
the polarized fitters should eliminate or greatly reduce this problem. 
The importance of image processing by area analysis is the 
ability to determine a general correlation between percentage marbling 
as measured from photoffraphs and the quality grade as determined by 
the grader. This is shown most clearly in Figure 2-3 by the 
decreasing values of fat to muscle, (marblelmeat) indicated with 
decreasing quality grade. The results of the tests with hamburger, 
Table 2-1, also indicate a good correlation between the percentage of 
fat measured an a specific area of the hamburger surface and the 
approximate fat content as determined by pyrolysis. The steak tests 
results in Table 2-2 are less attractive until one analyzes them on an 
individual basis. The ability to see reduced marbling in the 
posterior section of the muscle is an importact element suppporting 
the methodology. Also, the trend indicating ilcreased marbling with 
grade can be realized if one considers the de:cteriour effect of 
reflections on the calculation of marbling. 
SECTION 111 
IMAGE PROCESSING BY MULTISPECTRAL ANALYSIS 
A .  METHODOLOGY 
I 
I t  ir recognized that apparent Eat content of the muscle is not 
the only valuable ct;terion in evaluating the quality grade of the 
catcars. Also of . -ortance are the non-visible fat and the color of 
the muscle and the fat. These characteristics were studied by the 
I 
multispectral imaging technique described in Figure 3-1. A device 
called the spectrometer receiver is a television system capable of 
receiving simultaneous images in up to 3 channels. Each channel 
represents an image filtered in a specified wavelength range. The 
diagram at the bottom of the figure shows the incoming image being 
divided by berm splitter and assigned to a spectral channel. 
Silicon reticon devices capture the filtered image and send their 
electrical signal to an image storage device where the digitized 
image is held for processing. The image processor accomplishes the 
necersary manipulations of the numerically-coded filtered images and 
the resulting analysis is displayed as a pseudocolor image. The 
system replicater the general methodology used for electromagnetic 
energy analyses (e.g., UV, visible, infrared, etc.) of samples, but 
accomplisher this analysis with an image rather than the integrated 
signal from a small area of the sample. This allows the availability 
of the spatial distribution of the spectral characteristics of the 
target. Consequently the technique of multispectral imaging could 
also be called imaging spectroscopy. Two tests were conducted using 
this technique. 
t B. TEST RESULTS 
A syctem as deacribed in Figure 3-1 and which is presently 
being used for medical diagnosis, was used to study four rib eye 
, steaks. These steaks were classified by a senior Department of 
Agriculture grader. Anrlysie of the steake was accomplished within 4 
hours of grading. The multispectral characteristics of the four 
grader of steaks shown in Table 2-2.were cal~u'.~:fd from images 
obtained in the.yellow-green (5450 A), red (6?4 A), and very near 
I in£ rared (8000 A). The images were improved by ( 1  a linear stretch 
contrast enhancement which placed the full dynamic range within the 
gray scale of the muscle areas, (2) the formation of the ratio of the 
inf rarcdlred, i nf rrred/green, and red/green images, ( 3 )  the f ins1 
contrart enhancement of the ratioed images and ( 4 )  the production of 
the preudocolor image by assignment of the infrared/red image to the 
red channel of an RCB color monitor, the infrared/green image to the 
green channel , and the red/ green image to the hl ue channel, This 
rerulted in the photographs of steaks shown in Figurer 3-2a, 3-3a, 
and 3-4a. Note that as the quantity of marbling decreases from the 
prime to the good grader, the amount of "bright" area in the muscle 
also decreases. This implies that the spectral analysis is 
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classifying fat content by image brightness. Also note that each of 
the steaks indicate a non-uniform distribution of bright area which 
decreases from the external to the internal muscle. This 
distribution is consistent with the distribution of fat as it 
originates from the main vessels in the muscle which tend to 
concentrate in the external section. 
Figures 3-2b, 3-3b and 3-4b depict a second method of noting 
this apparent distribution of fat. A binary image is formed in which 
areas containing a high degree of intramuscular fat are bright, 
whereas those with lower amounts are black. By using a technique 
such as this and with the additional information of the area of the 
muscle, the percentage of the muscle with a large concentration of 
intramuscular fat could be determined. This is done by counting the 
bright pixels and dividing by the total number of pixels within the 
boundaries of the muscle. These data, although intuitively 
reasonable, were not substantiated by a quantitative measurement of 
the distribution of intramuscular fat. Fat content at the surface 
should be a planned measurement in future testing due to the 
non-uniform distribution over the muscle area. 
In the second multispectral test, 40 steaks were obtained, 10 
each of prime, choice, good and standard grade as determined by a 
Department of Agriculture grader. The objective of these tests was 
to duplicate the results of the first series and improve the 
demonstration of the feasibility of the multispectral analysis. 
Logistics problems, however, prevented the data from being taken 
until 4 days after grading and storage in a refrigerator. At this 
time visible changes in the color of the muscle and from dehydration 
were noted. The rnultispectral tests were conducted as in the first 
test, however the resulting data showed a wide dispersion of 
characteristics which did not correlate with fat content implied by 
grade. It is apparent that this analysis must be conducted on fresh 
steaks. 
SECTION IV 
ULTRASOUND ANALYSIS 
A. METHODOLOGY 
Ultrasound has become an established technique for imaging and 
measuring tissue interfaces in medicine and in some areas of 
agriculture. In agriculture, ultrasound has been routinely used for 
measurement of the backfat thickness of hogs for well over a decade 
and has recently been adopted for pregnancy testing of sows. In 
medicine, ultrasound is currently the fastest growing specialty. 
Being non-invasive, it is particularly suitable for use in 
obstetrics. The ability of ultrasound to demonstrate motion and flow 
provides a unique tool to the cardiologist. In these fields and in 
others, such as internal medicine, ultrasound provides an image 
determined by the mechanical properties of the tissue, which 
complements the information of x-rays and CAT-scanners whoss images 
arc based on the atomic number density of the tissue. 
The medical ultrasound instruments are basically a version of 
the military sonar which is scaled down in both power and in 
wavelength. This is described in Figure 4-1. The system emits a 
brief burst of ultrasound energy, typically of 2.25 MHz in frequency, 
20 milliwatts in power and around 1 microsecond duration. A 14O 
beam angle was used for this experiment. As this sound wave 
propagates through the fluids and soft tissues of the body, 
approximately 0.01% to 1% of the energy is reflected back toward the 
transducer at each interface, the exact amount depending on the 
particular in,erface involved. If the interface is approximately 
perpendicular to the transducer, a particularly strong echo (specular 
reflection) is received and the distance of the interface from the 
transducer can be measured with an A-scan instrument. The captured 
signal is amplified and processed for display. 
B-scan instruments utilize the informati on of the A-scan, 
together with the position and orientation of the transducer, to 
construct a two-dimensional image. The simplest of the B-scan 
instruments display only the presence or absence of an echo above a 
predetermined threshold. They depend on scanning the organs from a 
variety of angles so their outlines can be built up on the display 
screen by specular reflection. 
The grey-scale B-scan instruments display not only the strong 
specular echoes but the finer echoes from within the organs as well. 
These fine echoes are from interfaces that are not large compared to 
the wavelength of ultrasound (0.68 mm at 2.25 MHZ)  and consequently 
are not directional in their scattering properties. Although the 
echoes from these fine structures are much weaker than the specular 
echoes from large, regular boundaries, they are imaged equally well 
regardless of the direction from which they are viewed by the 
transducer. Different organs and di fferent pathological states of an 
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organ produce different textures in the image. Since a textural image 
is produced, the organs c m  be located without scanning from many 
directions to produce the complete outline by specular reflection. 
This type of ultrasonic tissue identification should be 
applicable to the identification of the various grades of beef. 
Ultrasound is particularly suitable since the grade is determined by 
the texture of marbling and a fat-muscle interface is a very strong 
ultrasonic reflector. A system could use a conventional B-scan 
display which provides a picture for subjective judgment, as with 
medical ul trasound. Better objectivity would be provided, however, 
by electronically analyzing the received signal for the desired 
texture and providing a nmerical readout for quality grading which 
is free of human judlgnent. Since the ultrasound signal is directly 
related to the marbling that is observed by the grader in a hanging 
carcass, an excellent correlation would be expected. 
Yield grading could also be done from an ultrasonic image since 
the thickness of the fat under the skin and within the carcass could 
be quantified at various points on the carcass. 
B. TEST RESULTS 
Preliminary experiments were conducted to determine whether the 
ultrasonic signatures of the beef would correlate with the quality 
grade. Since this is to be a feasibility test, no attempt has been 
made to optimize all possible system operating parameters, such as 
frequency, angle between the muscle fibers and the sound beam, gain, 
the detection and display scheme, etc. A simple set of conditions 
was chosen, with the objective of displaying the resulting A-scans as 
a subjective indication of the correlation between ultrasonic echo 
patterns and the conventional grading. If an effect can be observed, 
it can be quantified by sui.table instrumentation. 
This study used the same 40 beef specimens that were used for 
the mu1 tispectral imaging and for the image processing. These had 
been graded by a USDA supervisor, with 10 samples being chosen out of 
each of the following USDA grades: Prime, Choice, Good and 
Standard. Although these tests were conducted three days after tile 
imagin~ stlldies, the results with fresher meat would, if anything, bc 
expected to be better in their correlation. 
The equipment consisted of a 2.25 MHz unfocused transducer, of 
0.5" diameter and moderate damping. A wideband receiver was used 
without a rectifying detector. Although a narrow bandwidth and a 
rectifying detector make the signal easier for a novice to read on 
the oscil1oscope, such processing severely reduces the true 
information content. In  signal processing it is generally true that 
reduction of the information content is tantamount to summarizing the 
information, which emphasi.zes certain features of the information and 
ignores other information completely. Specifying such a suwnariza- 
tion requires an understanding of the relation brtwr-cn the signal .!*td 
the physical phenomena being analvzed. In the rarlv stag?s oE 3 
project it is importaqt to look at as much informat ion as possible, 
then to make an intelligent decision as to how to process ;.t. Utilizing 
a signal processing system optimized for a different purpose may well 
disguise the very infomation that is important, giving a completely 
misleading impression as to the capability of the method. The 
receiver gain was fixed throughout these experiments, which rerultr 
in a reduction of the amplitude of the echoes from surfacer farther 
from the transducer. In a final implementation, the knowledge of the 
attenuation of the medium would be ured to implement a varying gain 
that partially compenrates for thir attenuation, at hart for an 
average specimen. 
The area studied was about an inch below the outface of the 
steak. The external fat was trimmed off and the transducer aimed in 
the direction shown in Figure 4-2. The electronics was gated so that 
the picture displayed covers the range of 20 nun to 70 msa from the 
transducer, each graticule division being 5 mm, The same gain was 
used for all pictures and it was checked against the echo from a 
plastic block regularly throughout the experiment. The steaks were 
studied within 112 hour to 1-112 hours after removal from the 
refrigerator. 
The resalting data are interpreted with the aid of Figure 4-3. 
A typical target is assumed to be comprised of two homogeneaus 
substances of different density as indicated by the presence or 
absence of shading. The typical. A-scan ultrasound echo occur8 at the 
interface of the two substances as shown in the "typical signature" 
in Figure 4-3. Assuming the shaded region to be muscle and the 
unshaded to be fat, Figure 4-3 depicts two isolated regions of fat 
within a muscle surrounded by fat. If there were no fat structure 
within the muscle, one would expect an echo pattern as indicated in 
the "low fat signature" echo. Note in this pattern, the only echoes 
are those resulting from the muscle/external fat interfaces. If one 
then envisions the muscle to be filled with islands of fat, the 
resulting echo pattern would be as indicated in the "high fat 
signature" echo. This relative comparison of the "richness" of the 
echo is used as a qualitative indicator of marbling within the muscle. 
Figure 4-4 showe one typical scan of each grade. The specimens 
selected-were prime #35, choiee #22, #19, and standard l2. Even 
on a subjective basis, the echo content is seen to be greater for the 
better g;ades. This ;trongly supports the hypothesis ;hat electronic 
processing can yield an objective readout that will correlate well 
with conventional visual beef grading. Prior to these experiments 
t i ; :  samples each of a prime and a good graded roast were studied to 
determine a reasonable set of electronic parameters and an 
experimental protocol for the data. At 4OC the attenuation of the 
2.25 MHz ultrasound in the 20 um or so of fat outside the steak 
proved to be prohibitive. Other angulations in the muscle and other 
operating frequencies were tried. A 1 MHz transducer seemed to 
provide too poor resolution for distinctive signatures. Although 
there seemed to be a difference between the A-scan signature of the 
good and the prime at 5 MHz, the attenuation was high and the 
distinction at 2.25 MHz seemed just as good. 
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Experiment8 were also conducted aiming the transducer directly 
into the muecle from the cut surface of the beef. There seemed to be 
a discernible difference among grades with the transducer at a 45O 
angle to the surface and even with it perpendicular to the surface, 
so the ultrasound propagated generally along the fiber. The latter 
seemed a less repeatable experiment, probably because it depended on 
the fibers and the marbling not being truly perpendicular to the 
surface throughout the depth of the meat. Although a different 
protocol was decided upon for the 40 steaks studied, the possibility 
of using echoes with the transducer on the top of the meat should not 
be totally discarded without further study. 
One of the limitations of any ultraeonic system is its dynamic 
range, which is defined in terms of the ratio of the strongest signal 
it can provide to the weakest signal that can just be seen in the 
noise. For typical A-scan systems that do not employ sophisticated 
signal processing, this is around I00 to 120 dB. The energy of the 
fine echoes that are to be received in the beef war found to be 
approximately 30 dB below that of the incident beam. The difference 
of these figures leaves 90 dB for the allowable attenuation of the 
ultrasound during the two-way path through the meat, or 45 dB 
attenuation for the one-way path between the tranoduccr and the 
region of interest, 
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Tn order to determine the effect of attenuation on sprtem 
performance, the attenuation in beef muscle and fat war mearured at 
reveral temperatures and frequencies. The results are expressed in 
terns of the dB attenuation per centimeter of path traveled. The 
attenuation perpendicular to fiber direction was measured, The 
attenuation in the muscle at 2.25 MHz is rlightly temperature 
dependent, being around 6 dB/cm at 4% and 4 dB/cm at 20°C. 
The attenuation of beef fat was measured and found to be 
strongly temperature dependent, being much higher at lower 
temperaturer. Since the fat is known to undergo a phase transition, 
it is not at all rurprising that there should he e iarge change 
between 20% and 4%. A t  20% the attenuation in fat is around 
3 dB/dm, which is less than that in murcle. A t  4OC, on the other 
hand, the attenuation ir around 16 dB/cm. 
Thi.8 temperature dependence of attenuation allows arrersment of 
the range that can be achieved with a simple ultrasonic syrtcm 
operating at 2.25 MHz. At 20°C the maximum attenuation in either 
type of tinsue (fat or muscle) is 6 dB/cm, so the allouable one-way 
attenuatica of 4 5  dB permits a range of 7.5 cm in beef. At 4oC, 
however, the attenuation of the fat is so high, namely 16 dB/cm, that 
the range has been reduced to 2.8 cm, which is approximately the 
thicknesr of the fat layer iteelf in many carcasses. 
Several approaches can be used to circumvent this problem of the 
higher attenuation on fat at lower temperatures to enable ultrasonic 
quality grading on chilled carcasses. The most straightforward 
approach is to remove most or all of the fat from an area in the side, 
as was done for this study. A lower frequency transducer can be used 
if the loss of the resolution can bcl t01er;~ted. This merits 
investigation, The preliminary study indicated that reasonable echoes 
can be obtained from a transducer placed of the cut surface of the 
meat. Echoes can be obtained through the cellophane that is placed on 
the surface by the graders, provided it is in good, air-free contact 
with the meat. Sophisticated signal processing techniques can be used 
to greatly extend the dynamic range of the system. Anozher solution 
is to grade the beef after slaughter, but before chilling, to take 
advantage of the lower attenuation at the higher temperatures. The 
grading of live animals s e m s  feasible since the decrease of 
attenuation with increasing temperature is probably more than adequate 
to compensate for the ultrasonic attenuation of the hide and coupling 
through the hair (with appropriate gel or water). 
If ultrasound is + >  be used for yield grading, all of the above 
suggertions would r p p ! t *  .*xcept removing the fat and measuring with 
the transducer on the t i* surface of the muscle, both of which, of 
course, would not be appropriate to mearuring fat thickness. Use of 
o lower frequency tranaduccr (probably 0.5 MHz) and special 
instrumentation may be the best wry to mearure the thickness of the 
exterior fat on a cold carcass. Measurement of the internal fat such 
as kidney fat would be feasible only before the carcass is gutted, 
since aftervardn there are large air spaces within the carcasn. 
SECTION V 
RESULTS 
The r e s u l t s  presented i n  t h i r  r e p o r t  show t h e  f e a s i b i l i t y  of  
rccompl ishing an r u t m r t e d  g rad ing  oE c a r c r s e  beef us ing  image 
p r o c e r r i n ~  and ul t rasound t echno log ies .  The experiments u t i l i z e d  a 
sample of s t e a k s  with v a r i o u s  g e n e t i c  and growth c h a r a c t e r i s t i c s  
i n c l u d i n g  age,  sex ,  d i e t ,  e t c .  Although t h i s  sample popula t ion was 
graded by a s i n g l e  i n d i v i d u a l ,  a  s e n i o r  g rader  o f  t h e  Department of 
A g r i c u l t u r e ,  the  r e s u l t s  of t h i s  c a t e g o r i z a t i o n  remain s u b j e c t i v e  and 
s u r c e p t i b l e  t o  change wi th  time and environmental  c o n d i t i o n s .  
With n sample of 10 s t e a k s  i n  each of the  grades  inc lud ing  
prime, cho ice ,  good and s t a n d a r d ,  a  s t a t i s t i c a l l y  s i g n i f i c a n t  t e s t  was 
expected.  Therefore  i t  could be concluded t h a t  the  t rend noted i n  
Table 2-2 was s u b s t a n t i a l  and t h e  f e a s i b i l i t y  of u t i l i z i n g  'le r a t i o  
of f a t  a r e a  t o  t o t a l  muscle a r e a  i s  a u s e f u l  methodology f o r  
determining marbl ing of t h e  r i b  eye s t e a k .  
The mu1 ti - p ~ , : t r a l  a n a l y s i s  i s  a more complex methodoiogy and 
i ts  i n t e r p r e t a t i o n  i s  more d i f f i c u l t .  The r e s u l t s  from e a r l i e r  
s t u d i e s  which were accuapl iehcd w i t h  f r e s h  bee f ,  hours  a f t e r  g rad ing ,  
showed remarkable c o r r e l a t  ion  wi th  grade and a p r i o r i  knowledge of 
the expected d i s t r i b u t i o n  of in t runuecu la r  f a t  w i t h i n  t h e  muscle.  
The t e s t s  wi th  t h e  sample of 40 s t e a k s ,  not a c c m p l i e h e d  u n t i l  day8 
a f t e r  be ing  graded and he ld  i n  a  r e f r i g e r a t o r ,  d i d  not  show t h e  same 
r e s u l t .  Because of dehydrat ion and,  i n  some c a s e s  d i s c o l o r a t i o n ,  i t  
i r  f e l t  t h a t  the  mu1 t i r p e c t r a l  a n a l y s i s  saw r e a l  changes which could 
not be a s s o c i a t e d  with grade but  wi th  age a f t e r  s l a u g h t e r .  There i s  
s t i l l  a s t r o n g  mot iva t ion  t o  con t inue  t h e s e  s t u d i e s  i n  a f u t u r e  
program. 
The u l  t raround s tudy c l e a r l y  demonstra tes  the r e l a t i  onshi p  
between t h e  q u a l i t a t i v e  appearance of marbl ing i n  t h e  s t e a k  and t h e  
"r ichness"  of the  u l t rasound s i g n a t u r e .  Although t h e s e  t e s t s  were 
analyzed i n  a s u b j e c t i v e  way, t h e  r e s u l t i n g  d a t a  show t h e  f e a s i b i l i t y  
of u t i l i z i n g  the  methodology f o r  f u r t h e r  s i g n a l  a n a l y s i s .  The 
u l t r a sound  technique a l s o  ho lds  t h e  p o s s i b i l i t y  of otudying t h e  f a t  
con ten t  of i n t e r i o r  muscles on t h e  c a r c a s s  and on 1  i v i n g  animals .  
Tn stnwnary, two imaging methods a r e  shown t o  hold t h e  p o t e n t i  a1 
f o r  mr r sur ing  the  marbling cf a  e t e a k  by a n a l y s i s  of the  percentage 
f a t  seen a t  t h e  stcnk s u r f a c e .  More d e t a i l c d  a n a l y s i s ,  not  conducted 
i n  t h i s  p re l iminary  s t u d y ,  liold t h e  p o t e n t i a l  of  a l s o  d e s c r i h i l ~ g  t h e  
d i s t r i b u t i o n  of t h e  s i z e s  of t h e  marb l ing ,  i . e . ,  t h e  d i s t r i b u t i o n  of 
t h e  s i z e 8  of the  f a t  a reas  a t  a  given s e c t i o n  of t h e  muscle. The 
imaging a n a l y s i s  i s  f e l t  t o  hold  t h e  most d i r e c t  and i m e d i a t c  
a p p l i c a t i o n  t o  a s s i s t  the g r a d e r .  The u l t r a sound  method mny r e q u i r e  
a d d i t i o n a l  s t u d i e s  but a l s o  holds  the  a t t r a c t i v e  p o t e n t i a l  of being 
u s e f u l  nn l i v i n g  animals o r  on i n t a c t  c a r c a s s e s .  
